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[57] ABSTRACT 

A rotating all metal sealed ?uid delivery system for supply 
ing ?uid to an apparatus, such as an electron beam source 
assembly, in an UHV environment includes a housing with 
?uid inlet and outlet ports therethrough, opposed ?uid inlet 
and outlet lines, an inlet and outlet bellows within the 
housing, and a turntable mounted in an aperture in the 
housing for attachment to a rotatable spindle of the appara 
tus. A ultra high vacuum compression gasket forms an UHV 
seal between the spindle and the turntable. The bellows are 
attached at ?rst ends to the inlet and outlet ports, and at 
opposite ends to the opposed inlet and outlet lines extending 
to the rotatable apparatus, through the spindle and the 
turntable into the housing. The bellows are coiled within the 
housing and separated by a non-abrasive plate. Following 
attachment to the ports and lines, the entire length of each 
bellows remains within a single plane during rotation along 
the same axis as the axis of rotation of the apparatus. As the 
spindle rotates up to 360°, the oppositely wound bellows are 
moved along the axis of rotation of the spindle where one 
coils as the other uncoils, all in the same horizontal plane. 

21 Claims, 6 Drawing Sheets 
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UHV ROTATING FLUID DELIVERY SYSTEM 

This is a continuation of US. patent application Ser. No. 
07/972,131, ?led on Nov. 5, 1992, abandoned. 

FIELD OF THE INVENTION 

The present invention relates to a rotating ?uid delivery 
system for use in an ultra high vacuum (UHV) environment. 
More particularly, the invention relates to an all metal sealed 
rotatable bellows for delivering coolant to a rotating multi 
crucible electron beam evaporation source assembly in an 
UHV environment. 

BACKGROUND OF THE INVENTION 

Rotating assemblies are known in the art for use in high, 
as opposed to ultra high, vacuum environments. Rotating 
systems typically include a plurality of crucibles formed in 
a circular array in the top of a rotating hearth. The rotating 
hearth sequentially moves the crucibles to a target area 
where, for instance, an electron beam from an emitter 
mechanism vaporizes a material in the crucible for thin ?lm 
deposition on a substrate. 

Rotating crucible assemblies typically require a ?uid 
delivery system to supply coolant to water channels formed 
in the crucible assembly. Prior art ?uid delivery systems for 
rotating apparatus in high vacuum environments generally 
utilize a rotating apparatus with seals made from elastomeric 
substances or magnetic ?uids placed at the coupling loca 
tions to maintain the pressure diiferential between the ambi 
ent coolant supply and the high vacuum environment of the 
operating apparatus. The elastomeric materials and magnetic 
?uids provide ?exible seals capable of withstanding torsion 
produced at the coupling locations from rotation of the 
hearth. 

UHV environments, for example those used in physical 
vapor thin ?lm deposition processes and fabrication pro 
cesses of integrated circuit semiconductors, require expo 
sure of the assemblies to high temperatures. The elastomeric 
substances and magnetic ?uids used as seals in high vacuum 
environments cannot be used in an UHV environment for 
several reasons. First, such substances will not secure an 
UHV environment; and second, such substances will not 
withstand high temperatures. UHV environments require all 
metal sealed ?uid delivery systems to prevent outgassing. 

All metal sealed ?uid delivery systems for UHV environ 
ments are known in the art. Such systems typically use a 
welded bellows with metallic compression seals, and the 
crucibles are arranged in a linear array because the metal 
seals cannot withstand torsion produced by rotation. For thin 
?lm deposition, for example, the crucibles are sequentially 
moved past the emitter mechanism using a lengthy, all metal 
welded bellows assembly. Linear assemblies are typically 
larger and more cumbersome than the preferred rotating 
arrangement used in high vacuum environments. 

Applicants’ co-pending US. patent application Ser. No. 
07/972,131 discussed a novel UHV, all metal sealed, rotating 
?uid delivery system for supplying ?uid to a rotating assem 
bly operated in an UHV environment. The preferred 
embodiment utilized an inlet and an outlet bellows coiling 
together and uncoiling together, in the same plane, in 
response to rotation of the crucible. _ 

In aspects of the present invention, torque is reduced at 
the rotating crucible by oppositely winding the inlet and the 
outlet bellows so that, as the crucible rotates, one bellows 
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2 
uncoils as‘ the other bellows coils. In other aspects of the 
present invention, a co-axially mounted inlet and outlet 
bellows pair coils and uncoils in the same direction. 

SUMMARY OF THE INVENTION WITH 
OBJECTS 

A general object of the invention is to provide a rotating, 
all metal sealed ?uid delivery system for a rotating apparatus 
in an UHV environment that overcomes limitations and 
drawbacks of the prior art. 
A speci?c object of the invention is to provide an UHV 

rotating, all metal sealed ?uid delivery system for cooling a 
plurality of crucibles in a rotary electron beam evaporation 
source assembly for thin ?lm deposition in an UHV envi 
ronment. 

Yet another speci?c object of the invention is to provide 
an UHV all metal sealed ?uid delivery system for a rotating 
apparatus having a bellows assembly with an axis of rotation 
substantially identical to the axis of rotation of the rotating 
apparatus. 
One more speci?c object of the invention is to provide a 

compact, inexpensive, simple all metal sealed rotatable ?uid 
delivery system suitable for operating conditions of 10'11 
Torr and up to 250° Centigrade. 

Still another speci?c object of the invention is to provide 
an UHV rotating ?uid delivery system with a mechanism to 
maintain separation between an inlet bellows and an outlet 
bellows to prevent abrasion and entanglement thereof. 

Another speci?c object of the invention is to provide an 
UHV all metal sealed ?uid delivery system wherein the inlet 
bellows and the outlet bellows are oppositely wound thereby 
reducing torque at the rotating crucible. 

Yet one more speci?c object of the present invention is to 
provide a co-axially mounted bellows system wherein an 
inlet and outlet bellows pair unwinds and winds together in 
the same direction. 

A rotating all metal sealed ?uid delivery system for use in 
an UHV environment includes a cylindrical housing having 
a ?uid inlet port and a ?uid outlet port formed in a side wall. 
An inlet formed bellows and an outlet formed bellows are 
attached at ?rst ends to, respectively, the inlet and the outlet 
ports. The bellows are disposed within the cylindrical hous 
ing and separated from each other by a plate made from a 
non-abrasive material. The two bellows are attached at 
opposite ends to, respectively, opposed ends of an inlet line 
and an outlet line extending from the rotating apparatus, 
such as an electron gun assembly. Following attachment to 
the appropriate port and line, the entire length of each 
bellows remains within a single plane. 
The inlet and outlet lines de?ne substantially 90° bends 

before passing through openings in a cylindrical torroidal 
turntable formed in the top planar surface of the housing. 
The turntable is bolted to the base of a spindle of the rotating 
apparatus, and a ductile ultra high vacuum compression 
gasket forms an UHV seal and a water tight seal therebe 
tween As the spindle rotates up to 360°, the bellows are 
coiled and uncoiled along the axis of rotation of the spindle. 
Because the bellows are attached to opposed inlets, one 
bellows coils as the other bellows uncoils, the coiling and 
uncoiling occurring respectively in the same horizontal 
plane within the housing. 

In another aspect of the present invention, at least one 
additional bellows pair is provided, and the bellows housing 
is slightly larger to accommodate two inlet bellows and two 
opposed outlet bellows. 
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In yet another aspect of the present invention, one bellows 
is mounted co-axially inside of the other of a bellows pair, 
and the inlet and outlet bellows wind and unwind together in 
the same direction. In this aspect, an additional co-axially 
mounted bellows pair may be added and the co-axial inlet 
lines may be opposed to the co-axial outlet lines so that 
co-axially mounted inlet lines coil as co-axially mounted 
outlet lines uncoil. 

These and other objects, advantages and features of the 
present invention will become more apparent upon consid 
ering the following detailed description of a preferred 
embodiment, presented in conjunction with the accompany 
ing drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the Drawings: 
FIG. 1 is a top view of a UHV rotating ?uid delivery 

system embodying the principles of the present invention 
and shown in use with an electron gun assembly. 

FIG. 2 is a cross sectional view of the system of FIG. 1 
taken along lines 2~—2. ' 

FIGS. 3A, 3B, 3C and 3D are top views of one of the 
bellows shown with a spindle and crucibles to illustrate the 
coiled and uncoiled positions thereof as the spindle is rotated 
270° from a ?rst through the fourth crucible position. 

FIG. 4 is a top view of the bellows assembly without the 
top housing and with the lower bellows in hidden view. The 
crucible is in fully rotated, the upper bellows is fully coiled, 
and the lower bellows is fully uncoiled. 

FIG. 5 is a cross sectional view of another aspect of the 
present invention having two inlet lines, two outlet lines, 
two inlet bellows and two outlet bellows. 

FIG. 6 is a cross sectional view of another aspect of the 
present invention showing a co-axial bellows arrangement 
with one bellows mounted inside of the other bellows. 

DESCRIPTION OF A PREFERRED 
EMBODIMENT 

An UHV rotating ?uid delivery system suitable for opera 
tion in a UHV environment and embodying the principles of 
the present invention is shown generally at 50 in FIGS. 1 and 
2 providing water to cool an electron gun assembly shown 
generally at 10. The illustrated electron gun assembly 10 is 
presented for illustration only and is more fully described in 
co-pending U.S. patent application Ser. No. 07/972,131 
which is hereby incorporated by reference herein. It will be 
recognized that other electron gun assemblies may be used, 
and that the ?uid delivery system 50 may be used in an UHV 
environment with any rotating apparatus requiring a supply 
of circulating ?uid. 
The illustrated environment includes the following rel 

evant speci?cations: 10‘11 Torr vacuum and 220° Centi 
grade temperature, although the ?uid delivery system is 
suitable for temperatures up to 250° Centigrade. The illus 
trated electron beam source assembly 10 is used for vapor 
izing materials for thin ?lm deposition on a substrate in a 
UHV environment. The shielded electron gun mechanism is 
shown generally at 20 housed in a recess 22 at an end of 
block 2. The electron gun mechanism and magnetic structure 
are fully described in co-pending and incorporated U.S. 
patent application Ser. No. 07/972,131, and are herein 
presented for illustration only. Other electron gun assem~ 
blies may be substituted. 
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4 
Referring now to FIGS. 1 and 2, the electron beam source 

assembly 10 de?nes a generally circular copper block 2 with 
four, cylindrical copper crucibles 3, 5, 7, and 9 each having 
frustoconical side walls 6 and a bottom wall 8. 
The unitary block 2 further de?nes a rotating spindle 14, 

and bearings 16 are provided to journal the spindle 14 within 
an aperture in a base plate 4. A drive shaft 24 extends from 
a conventional drive mechanism 26 to conventional mating 
bevelled gears 28, 29 for rotation of the spindle 14 in a 
manner well known in the art. The drive mechanism 26 may 
be placed at the side or back of the assembly 10 as well 
known in the art. 

Multiple conventional water passages 12 are formed in 
the block 2 for circulation of water, or another suitable 
coolant. The passages 12 enable the water to spiral around 
the crucibles. 

The UHV rotating ?uid delivery system 50 includes ?uid 
inlet and outlet ports, a housing, and a bellows assembly 
within the housing for delivering ?uid to and returning ?uid 
from the electron source assembly 10. 

The cylindrical machined, OFHC copper housing de?nes 
a planar top wall 54, a planar bottom wall 56, and a stainless 
steel alloy side wall 58. A plurality of bolts 60 are used to 
secure the top wall 54 and the bottom wall 56 to the side wall 
58. A separation wall 62 made from a non-abrasive material, 
preferably a soft metal such as copper, is provided between 
the top wall 54 and the bottom wall 56 in the interior of the 
housing 52. 
Two ope'nings (not shown) are provided in the side wall 

58 for receipt of the conventional water source port inlet 32 
and the water port outlet 34 to provide water to, and return 
water from, the channels 12. 
The housing 52 further de?nes a cylindrical ?anged . 

annular recess 64 for receipt of a base 15 of the spindle 14. 
A cylindrical torrodial turntable 70 is mounted within the 
annular recess 64 for attachment to the base 15 of the spindle 
14 by bolts 72. A ductile copper high vacuum gasket 74 is 
provided between the planar sealing face of the turntable 70 
and the base 15 of the spindle 14 to form an UHV sealing 
arrangement in accordance with principles well known in 
the art. The copper gasket 74 de?nes a knife edge (not 
shown) and provides a seal when squeezed between the base 
15 and the turntable 70 to prevent any water from escaping 
between the UHV joint formed by the turntable 70 and the 
base 15. It will be recognized by those skilled in the art that 
other suitable soft metallic substances may be used for the 
gasket 74. 
An inlet water line 66 and an outlet water line 68 extend 

from the passages 12, through the spindle 14, through 
mating apertures formed in the base 15 and the turntable 70, 
and into the housing 52. The water lines 66, 68 de?ne 
substantially opposed right angle bends for attachment to, 
respectively, an inlet end of a bellows 80 and an outlet end 
of a bellows 82 so that the inlet line 66 is oriented at 
substantially a 180 degree angle from the outlet line 68. 
The bellows 80, 82 are stainless steel formed bellows with 

attachment ?anges 83 at each end for attachment to the ports 
32, 34 and to the lines 66, 68. When attached to the ports and 
lines, as shown in FIG. 2, the entire length of the bellows 80, 
82, remains within a single plane and within the axis of 
rotation of spindle 14. The water supply is maintained at 
ambient “A” within the interior of the bellows 80, 82, 
separated from the UHV environment “V” within the hous 
ing 52 and the electron source assembly 10. A copper 
separation wall 62 allows the inlet and outlet bellows to 
operate independently, and the soft copper material of the 
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wall, together with the copper top and bottom walls of the 
housing, prevents entanglement and abrasion of the bellows 
80, 82. The separation wall 62 may be placed vertically 
within the housing when it is desired to place the bellows 
side by side. Alternatively, the separation wall 62 may be 
omitted when a single bellows or a co-axial bellows pair is 
used. 

FIGS. 3A through 3D show the position of the upper, 
outlet bellows 82 as the electron source assembly 10 is 
rotated to, in turn, position each of the crucibles 3, 5, 7, 9 for 
bombardment by an electron beam from the emitter assem 
bly 20. In FIG. 3A, the bellows 82 is shown fully coiled 
when crucible 3 is exposed to the electron beam. FIG. 3B 
shows crucible 9 rotated into position thereby causing the 
bellows 82 to begin to uncoil. FIG. 3C shows the further 
uncoiled position of the bellows 82 as crucible 7 is rotated 
into position, and FIG. 3D shows the uncoiled position of the 
bellows 82 with crucible 5 in position for exposure to the 
electron beam. 

Referring now to FIG. 4, the opposed mounting of the 
bellows 80, 82 may be seen. During assembly of the 
apparatus, it is preferable to position the spindle in its fully 
wound position, see direction arrow “W”, so that crucible 9 
is in the number one position. In this con?guration, the 
lower, inlet bellows 80 is attached in the unwound position 
shown, and the upper, outlet bellows 82 is attached in its 
fully wound position. When the electron source assembly 10 
is operating, the rotation of the spindle 14 in the oppose 
direction, see direction arrow “U”, causes the bellows 80 to 
wind and the bellows 82 to unwind, following the rotation 
of the spindle 14. 

FIGS. 3A through 3D illustrate 270° of rotation. Suitable 
stops (not shown) may be provided to prevent rotation 
beyond 270°. As can be seen by the drawings, the bellows 
80, 82 act as compression springs which coil and uncoil in 
a single plane as they rotate along the axis of rotation of the 
spindle 14. The opposed coiling/uncoiling action of the 
bellows 80, 82 e?’ectively cancels torque produced at the 
spindle by coiling and uncoiling the bellows. The rotation of 
the spindle occurs smoothly and evenly. It will be recog 
nized by those skilled in the art that 360° rotation may be 
achieved with the present system. 

FIG. 5 shows another aspect of the present invention 
having two pairs of opposed bellows. The housing 52 may 
be larger to accommodate two inlet bellows 80‘, 80" and two 
opposed outlet bellows 82' and 82". In addition to separation 
wall 62, copper separation walls 62‘ and 62" are provided to 
maintain separation between the two inlet bellows 80', 80", 
and between the two outlet bellows 82', 82". Two inlet lines 
66, 66' and ports 32 and two outlet lines 68, 68‘ and ports 34 
are provided for attachment of the two pair of bellows. 
Alternatively, a second housing may be provided for the 
second pair of bellows, and a single inlet line and outlet line, 
each with a divided coupling end for attachment to each pair 
of bellows, may also be provided. 

FIG. 6 shows another aspect of the present invention 
wherein one bellows 800 is mounted co-axially inside of 
another bellows 820. In this aspect, both bellows wind and 
unwind together during rotation and the inlet and outlet lines 
660, 680 and the inlet and outlet ports are also co-axial. It 
will be recognized by those skilled in the art that two, 
co-axial bellows pairs may be provided in which case 
co-axial inlet lines may be opposed to co-axial outlet lines 
so that co-axial inlet bellows coil as co-axial outlet bellows 
uncoil. 

To those skilled in the art to which the present invention 
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6 
pertains, many widely varying embodiments and implemen 
tations of the principles of the present invention will be 
suggested from the foregoing. For instance, the rotating ?uid 
delivery system may be used in any high or ultra high 
vacuum environment utilizing a rotating apparatus requiring 
a ?uid, including a gas, supply. The invention has applica 
tions in the semiconductor industry, materials research, for 
superconductors, and for providing an electron beam source 
for facilitating production coating of thin solid ?lm onto a 
substrate, such as coatings for lenses, mirrors, jewelry and 
other decorative coatings, and automotive coatings. Addi 
tionally, the bellows may be arranged in alternative con?gu 
rations, such as vertically at 90° to the illustrated con?gu 
ration, as long as the opposed bellows are able to rotate 
within a substantially single plane that is the same as the axis 
of rotation of the rotating apparatus to be supplied. Addi 
tionally, the bellows housing may be positioned at any point 
that enables rotation thereof with the axis of the rotating 
mechanism of the apparatus to be supplied with ?uid. The 
housing may also be permanently mounted by welding, as 
opposed to bolting it to the spindle of the rotating assembly. 
The description and the disclosures present herein are by 
way of illustration only and should not be considered to limit 
the present invention, the scope of which is more particu 
larly set forth in the following claims. 
What is claimed is: 
1. A rotatable all metal sealed ?uid delivery system for 

providing ?uid to a rotatable apparatus in an ultra high 
vacuum environ ment comprising: 

rotation means adapted for attachment to and rotation 
with the rotatable apparatus; 

at least one pliant inlet and one pliant outlet bellows 
means operatively attached to the rotation means for 
rotation therewith; 

?uid inlet means attached to the at least one pliant inlet 
bellows means and adapted to be operatively connected 
to the rotatable apparatus; and 

?uid outlet means attached to the at least one pliant outlet 
bellows means and adapted to be operatively connected 
to the rotatable apparatus. 

2. The all metal sealed ?uid delivery system of claim 1 
further comprising housing means for the at least one pliant 
inlet and one outlet bellows means. 

3. The all metal sealed ?uid delivery system of claim 1 
further comprising a ductile seal means for providing a ?uid 
seal and an ultra high vacuum seal between the rotation 
means and the rotatable apparatus. 

4. The all metal sealed ?uid delivery system of claim 3 
wherein the housing means further comprises an aperture for 
mounting the rotation means therein. 

5. The all metal sealed ?uid delivery system of claim 2 
wherein the ?uid inlet means comprises inlet port means into 
the housing means for connection to a ?rst end of the at least 
one pliant inlet bellows means, inlet line means attached to 
a second end of the at least one pliant inlet bellows means, 
the inlet port means and inlet line means positioned to enable 
the pliant inlet bellows means to lay substantially in a single 
plane when attached thereto. 

6. The all metal sealed ?uid delivery system of claim 5 
wherein the ?uid outlet means comprises outlet port means 
into the housing means for connection to a ?rst end of the at 
least one pliant outlet bellows means, outlet line means 
attached to a second end of the at least one pliant outlet 
bellows means, the outlet port means and outlet line means 
positioned to enable the at least one pliant outlet bellows 
means to lay substantially in a single plane when attached 
thereto. 
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7. The all metal sealed ?uid delivery system of claim 2 
wherein the inlet line means and the outlet line means are 
opposed so that the at least one pliant inlet bellows means 
coils when the at least one pliant outlet bellows means 
uncoils in response to up to 360 degree rotation of the 
rotation means. ' 

8. The all metal sealed ?uid delivery system of claim 2 
further comprising separation means within the housing 
means for keeping the at least one pliant inlet and one outlet 
bellows means separate. 

9. The all metal sealed ?uid delivery system of claim 2 
wherein, during rotation of the rotation means, the at least 
one pliant inlet bellows means coils within an axis of 
rotation of the rotation means while the at least one pliant 
outlet bellows means uncoils within the axis of rotation of 
the rotation means. 

10. The all metal sealed ?uid delivery system of claim 5 
wherein the inlet line means and the outlet line means are 
co-axially mounted one within the other and the inlet port 
means and the outlet port means are co-axially mounted one 
within the other. 

11. The all metal sealed ?uid delivery system of claim 6 
wherein the at least one pliant inlet and one pliant outlet 
bellows means comprises at least two inlet bellows and at 
least two opposed outlet bellows, the inlet line means 
comprises at least two inlet lines attached to the at least two 
inlet bellows, and the outlet line means is opposed to the at 
least two inlet lines and comprises at least two outlet lines 
attached to the at least two opposed outlet bellows. 

12. The all metal sealed ?uid delivery system of claim 11 
wherein the separation means comprises a ?rst wall between 
the at least two inlet bellows and the at least two opposed 
outlet bellows, a second wall between the at least two inlet 
bellows, and a third wall between the at least two outlet 
bellows. 

13. The all metal sealed ?uid delivery system of claim 1 
wherein further comprising the apparatus which is an rotary 
electron beam source assembly having a plurality of cm 
cibles with ?uid coolant channels and rotatable up to sub— 
stantially 360 degrees, the inlet means and outlet means 
operatively connected to the coolant channels. 

14. The all metal sealed ?uid delivery system of claim 1 
wherein the at least one pliant inlet and one pliant outlet 
bellows means comprises a ?rst bellows co-axially mounted 
within a second bellows, the ?rst and second bellows coiling 
and uncoiling together. 

15. The all metal sealed ?uid delivery system of claim 1 
wherein the at least one pliant inlet and one pliant outlet 
bellows means comprises at least two inlet bellows mounted 
co-axially and at least two opposed outlet bellows mounted 
co-axially, the inlet bellows coiling when the outlet bellows 
uncoil. 

16. The all metal sealed ?uid delivery system of claim 15 
further comprising separation means within the housing 
means for keeping the at least two inlet bellows separated 
from the at least two opposed outlet bellows. 

17. A system for delivering ?uid in an ultra high vacuum 
environment, comprising: 

a rotatable apparatus de?ning coolant channels; 
inlet and outlet line means operatively attached to the 

rotatable apparatus for rotation therewith and adapted 
to be operatively connected to the coolant channels; 

?uid inlet and outlet ports; and 
pliant inlet and outlet connector means connected, respec 

20 

25 

35 

40 

45 

50 

55 

8 
tively, between the ?uid inlet ports and the inlet line 
means and between the ?uid outlet ports and outlet line 
means, the pliant inlet and outlet connector means 
moving in response to rotation of the rotatable appa 
ratus. 

18. An all metal sealed ?uid delivery system for providing 
?uid to coolant channels in a rotatable crucible assembly in 
an ultra high vacuum environment comprising: 

rotating means for attachment to a spindle of the crucible 
assembly for rotation therewith; 

ductile sealing means for forming an ultra high vacuum 
seal and a ?uid seal between the spindle and the 
rotation means; 

housing means having an aperture therein for attachment 
of the rotating means; 

?uid inlet and outlet line means extending from the 
coolant channels, through the spindle and the rotating 
means, and to an interior of the housing means; 

?uid inlet and outlet port means extending through port 
apertures in the housing means; 

at least one pair of bellows means mounted within the 
housing means and having ?rst ends coupled to the 
?uid inlet and outlet line means and second ends 
coupled to the ?uid inlet and outlet port means, during 
rotation of the rotating means a ?rst of the at least one 
pair of bellows means coiling within an axis of rotation 
of the rotating means and a second of the at least one 
pair of bellows means uncoiling within the axis of 
rotation of the rotating means. 

19. An all metal sealed ?uid delivery system for providing 
?uid to coolant channels in a rotatable crucible assembly in 
an ultra high vacuum environment comprising: 

rotation means for attachment to a spindle of the crucible 
assembly for rotation therewith; 

ductile sealing means for forming an ultra high vacuum 
seal and a ?uid seal between the spindle and the 
rotation means; 

housing means having an aperture therein for attachment 
of the rotation means; 

?uid inlet and outlet line means extending from the 
coolant channels, through the spindle and the rotation 
means, and to an interior of the housing means; 

?uid inlet and outlet port means extending through port 
apertures in the housing means; 

at least one pair of co-axially mounted bellows means 
mounted within the housing means and having ?rst 
ends coupled to the ?uid inlet and outlet line means and 
second ends coupled to the ?uid inlet and outlet port 
means, the co-axially mounted bellows means coiling 
and uncoiling within an axis of rotation of the rotation 
means. 

20. The all metal sealed ?uid delivery system of claim 19 
wherein the co-axially mounted bellows means comprises a 
a ?rst bellows mounted within a second bellows, the ?rst and 
second bellows attached to a co-axially mounted inlet line 
and outlet line. ’ 

21. The all metal sealed ?uid delivery system of claim 19 
wherein the co-axially mounted bellows means comprises a 
pair of co-axially mounted inlet bellows and an opposed pair 
of co-axially mounted outlet bellows. 

* * * * =l< 
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